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Attachment I

Electronic Files on Floppy Disk

The following electronic files, used to generate the results in this calculation, are contained on a
3.5” floppy disk attached to this document.  These files were developed with Microsoft Excel 97
SR-2.  For a controlled copy of the document and/or floppy disk files, contact the M&O
Document Control Center @ (702) 295-7826.

Filename File Size Modified Date Modified Time

Cat. 1 Worker Dose.xls 295 KB 12/3/01 12:55 pm

Frequency Calculations_Rev01.xls 86 KB 12/3/01 1:05 pm

SR Source Terms_Rev01.xls 210 KB 12/3/01 1:16 pm

SR Source Terms_MOX_Rev01.xls 75 KB 04/26/00 10:06 am

SR Cat. 2 TEDE Dose_Rev01.xls 337 KB 12/3/01 4:53 pm

SR Cat. 2 TEDE Dose_MOX_Rev01.xls 217 KB 05/22/00 1:47 pm

SR Cat. 1 Release_Rev01.xls 139 KB 12/3/01 1:46 pm
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Attachment II

Acronyms and Abbreviations

AED Aerodynamic Equivalent Diameter
AP Administrative Procedure
ARF Airborne Release Fraction
ATS Assembly Transfer System
BWR Boiling Water Reactor
CDE Committed Dose Equivalent
CEDE Committed Effective Dose Equivalent
CFR Code of Federal Regulations
Ci Curies
CSNF Commercial Spent Nuclear Fuel
DBE Design Basis Event
DC Disposal Container
DCF Dose Conversion Factor
DDE Deep Dose Equivalent
DOE U.S. Department of Energy
DF Damage Fraction
EIS Environmental Impact Statement
f1 Fractional Uptake from the Small Intestines to Blood
FA Fuel Assembly
GWd Gigawatt Days
H-3 Hydrogen-3 (tritium gas)
HEP Human Error Probability
HEPA High-Efficiency Particulate Air
HVAC Heating, Ventilation and Air-Conditioning
ICRP International Commission on Radiological Protection
Kr-85 Krypton-85 (gas)
MGR Monitored Geologic Repository
MOX Mixed Oxide
mrem Millirem
MTU Metric Tons Uranium
NRC U.S. Nuclear Regulatory Commission
PWR Pressurized Water Reactor
RF Respirable Fraction
SEC Single Element Canister
SFA Spent Fuel Assembly
SNF Spent Nuclear Fuel
SSC Structure, System or Component
SUNS Sensitivity and Uncertainty Analysis Shell
TBD To Be Determined
TEDE Total Effective Dose Equivalent
VA Viability Assessment
WHB Waste Handling Building
WP Waste Package
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Attachment III

Proposed YMP Withdrawal Area Boundary
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Attachment IV

GENII-S Dose Calculation Methodology for Category 1 Events
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1.  PURPOSE

This attachment describes the preclosure dose calculation methodology using the GENII-S
computer code (CRWMS M&O 1998c) for chronic atmospheric releases of radionuclides from
MGR surface and subsurface facilities during normal operations and from Category 1 design
basis events (DBEs).  This calculation was performed to support the Site Recommendation
Preclosure Safety Assessment.

Continuous or routine releases of radioactive materials into the environment are term chronic.
Routine releases during normal operations of MGR surface and subsurface facilities are
expected.  Releases from Category 1 DBEs postulated to occur in the Waste Handling Building
(WHB) are treated as chronic releases.  A chronic atmospheric release scenario involves
prospective dose to individuals at specified distances and directions from the source via potential
pathways, including submersion, inhalation, groundshine, and ingestion.

2.  CALCULATION

Three Category 1 event scenarios are considered in the preclosure dose calculations: routine
release from the WHB, routine release from emplacement drifts, and Category 1 DBE releases
from the WHB.  These scenarios involve chronic atmospheric releases of radionuclides in
gaseous or particulate form from MGR surface and subsurface facilities.  This calculation is
based on the deterministic method using a mean or best estimate value for each GENII-S input
parameter.

2.1 DESCRIPTION OF CATEGORY 1 RELEASES

2.1.1 Routine Release from Waste Handling Building

Kr-85 is the only radionuclide expected to be released from the surface facilities during normal
operations.  Shipping casks are transferred from the Carrier Bay to the Cask Preparation Pit,
where the cask lid is removed.  The cask is then transferred to the cask unloading pool where the
fuel assemblies are transferred from the cask to the assembly staging rack.  During normal
operations, K-85 could be released from the shipping cask during the Assembly Transfer System
(ATS) cask unloading operations.  A Kr-85 emission rate of 4,010 Ci/yr was estimated based on
average yearly throughputs of 3,873 PWR assemblies and 5,351 BWR assemblies passing
through the ATS every year (CRWMS M&O 2000a).

Since Kr-85 is a gaseous radionuclide, no deposition of Kr-85 on the ground is considered.
Therefore, there is no external exposure dose or ingestion dose due to contaminated soil.  Only
air submersion and inhalation doses are calculated.  An atmospheric dispersion factor, χ/Q, of
1.99E-7 s/m3 is used, which represents a chronic maximum sector χ/Q value at a distance of 11
km from the Waste Handling Building (WHB).

This scenario was analyzed using the GENII-S computer code. The GENII-S computer run for
this scenario is named "PRCHSF".   The source term for this scenario is given in Table 1 and
other GENII-S input parameters are discussed in Section 2.2.
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2.1.2 Routine Release from Emplacement Drifts

Neutrons leaked out of the emplaced waste packages during normal operations could activate
ventilated airflow through subsurface emplacement drifts and the host rock surrounding the
emplaced waste packages.  The source of activated silica dust could come from air supply to
emplacement drifts as well as the host rock around emplacement drifts.  The activation products
in air include N-16 and AR-41 and the airborne silica dust, which consists of N-16, Na-24, Al-
28, Si-31, K-42, and Fe-55.

All these radionuclides have relatively short half-lives.  Three radionuclides, N-16, Al-28, and
K-42 can not be calculated using the GENII-S code, because they are not listed in the GENII-S
radionuclide library and dose conversion factor input data files.  All pathways are considered for
this group based on chronic releases.  Since none of these radionuclides are evaluated for food
transfer factors, GENII-S default food transfer factor file, FTRANS.DAT, is used.  A χ/Q of
2.98E-7 s/m3 is used, which represents a chronic maximum sector value at a distance of 8 km
from the nearest emplacement drift.

This scenario was analyzed using the GENII-S computer code.  The GENII-S computer run for
this scenario is named "PRCHSB".  The source term for this computer run is given in Table 1
and other GENII-S input parameters are discussed in Section 2.2 of this Attachment.

2.1.3 Category 1 DBE Releases from Waste Handling Building

There are 17 Category 1 DBEs evaluated in Attachment VII of the calculation.  The source term
for each radionuclide from all 17 events is calculated in "SR Cat. 1 Release.xls", worksheet
"Total Cat. 1 Release" (Attachment IX).  Fifty-eight radionuclides are listed as important
radionuclides for Category 1 DBE releases, and two radionuclides, Co-60 and Fe-55, are listed in
both fuel fines and crud.  The total release of Co-60 or Fe-55 is obtained by summing the curies
from fuel fines and crud and hence only fifty-six radionuclides are considered.  Four calculations
are needed in order to separate gaseous releases from particulate releases, and to overcome the
code limitation of 25 radionuclides for each run.  In addition, in these four calculations different
food transfer factor data files are used as discussed below.  A χ/Q of 1.99E-7 s/m3 is used for this
scenario, which represents a chronic maximum sector value at a distance of 11 km from the
WHB.

1. Gaseous radionuclides.  Three radionuclides are in the group, including H-3, I-129, and Kr-
85.  As these three are considered as gaseous radionuclides, only air submersion and
inhalation doses are calculated.  The GENII-S computer run for this group of radionuclides is
named "PRCHGS".

2. Particulate radionuclides without food transfer factor evaluation. Twenty-five radionuclides
are in the group, including Cl-36, Fe-55, Co-60, Se-79, Zr-93, Nb-93m, Nb-94, Ru-106, Pd-
107, Cd-103m, Sb-125, Sn-126, Pm-147, Sm-147, Sm-151, Eu-154, Eu-155, Pb-210, Ra-
226, Ra228, Cm-242, Cm-243, Cm-244, Cm-245, and Cm-246.  However, four radionuclides
among them, Sm-147, Ra-226, Pb-210, and Ra-228, have zero annual release.  Therefore,
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only 21 radionuclides in this group are actually considered.  GENII-S default food transfer
factor file, FTRANS.DAT, is used.  The GENII-S computer run for this group of
radionuclides is named "PRCHP1".

3. Particulate radionuclides with food transfer factor directly evaluated.  Nineteen radionuclides
are in this group, including C-14, Ni-63, Sr-90, Tc-99, Cs-137, Ac-227, Th-229, Pa-231, U-
232, U-233, U-234, U-236, U-238, Np-237, Pu-238, Pu-239, Pu-240, Am-241, and AM-243.
However, one radionuclide, Th-229, has zero annual release.  Thus, eighteen radionuclides in
this group are actually considered.  For this group, an updated food transfer factor file for
reasonable representation, FTRANRR.TXT (Figure 1), is used.  The GENII-S computer run
for this group of radionuclides is named "PRCHP2".

4. Particulate radionuclides with transfer factor evaluated.  Nine radionuclides are in this group,
including Ni-59, Cs-134, Cs-135, Th-230, Th-232, U-235, Pu-241, Pu-242, and Am-242m.
However, one radionuclide, Th-232, has zero annual release.  Thus, eight radionuclides in
this group are actually considered.  For this group, an updated food transfer factor file for
reasonable representation, FTRANRR.TXT (Figure 1), is used.   The GENII-S computer run
for this group of radionuclides is named "PRCHP3".

The source terms for computer runs PRCHGS, PRCHP1, PRCHP2, and PRCHP3 are given in
Table 1.

Table 1.  Source Terms for GENII-S Computer Runs

GENII-S Run Radionuclide Air Release (Ci/yr)

PRCHSF Kr-85 4.01E+03
Na-24 6.471E-03
Si-31 7.17E-04
Ar-41 5.728E+01

PRCHSB

Fe-55 1.492E-04
H-3 1.46E+02
Kr-85 1.45E+03

PRCHGS

I-129 2.82E-02
Cl-36 3.39E-09
Fe-55 7.72E-02
Co-60 1.9656E-02
Se-79 2.28E-08
Zr-93 4.46E-07
Nb-93m 6.49E-06
Nb-94 4.19E-07
Ru-106 6.14E-09
Pd-107 4.20E-08
Cd-113m 3.82E-06
Sb-125 4.85E-06
Sn-126 1.92E-07
Pm-147 5.94E-05
Sm-147 0
Sm-151 1.05E-04

PRCHP1

Eu-154 3.35E-04
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Table 1.  Source Terms for GENII-S Computer Runs (continued)

GENII-S Run Radionuclide Air Release (Ci/yr)

Eu-155 2.57E-05
Ra-226 0
Pb-210 0
Ra-228 0
Cm-242 2.63E-06
Cm-244 6.79E-04
Cm-245 1.53E-07
Cm-246 5.19E-08

PRCHP1
(continued)

Cm-243 5.14E-06
C-14 1.66E-07
Ni-63 1.26E-04
Sr-90 1.36E-02
Tc-99 4.49E-06
Cs-137 1.37E-01
U-232 1.02E-08
U-234 3.38E-07
U-236 8.58E-08
Pa-231 1.48E-11
Ac-227 8.03E-12
Np-237 1.23E-07
U-233 2.03E-11
Th-229 0
U-238 7.39E-08
Pu-238 1.14E-03
Pu-240 1.59E-04
Am-241 9.88E-04
Am-243 1.1E-05

PRCHP2

Pu-239 8.83E-05
Ni-59 1.04E-06
Cs-134 8.38E-05
Cs-135 1.16E-06
Th-230 7.39E-11
Th-232 0
U-235 3.67E-09
Am-242m 3.19E-06
Pu-242 8.18E-07

PRCHP3

Pu-241 1.23E-02

2.2 GENII-S INPUT DATA FILES

The GENII-S input data are taken as the reasonable representation case from biosphere analysis
model reports (AMRs), except for the receptor data, which includes food and water consumption
rates, inhalation time, and external exposure time.  These data are taken from those developed for
the subsistence farmer in the Total System Performance Assessment (TSPA) for Viability
Assessment (VA) (CRWMS M&O 1998a).

This calculation used subsistence farmer's food consumption rates as shown in Table 2.  A
subsistence farmer is defined as the maximally exposed individual of the critical group who
grows all his/her own food using irrigation water from a well.  All domestic water was assumed
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to come from a well.  Table 2 contains the best estimate consumption parameters for locally
produced food (CRWMS M&O 1998a) used for food consumption rates for this calculation.

Table 2.  Consumption Parameters for Locally-Produced Food for the Subsistence Farmer.

Food Type1 Best Estimate

Leafy Vegetables (kg/yr) 63.55

Root Vegetables (kg/yr) 28.86

Grains (kg/yr) 60.64

Fruit (kg/yr) 59.32

Poultry (kg/yr) 15.74

Meat2 (kg/yr) 38.97

Eggs (kg/yr) 16.67

Milk (l/yr) 136.0

Tap Water3 (l/yr) 867.7

1 The specific food types shown are those used in the biosphere analysis completed for
Total System Performance Assessment/Viability Assessment.
2 ”Meat” is comprised of beef and pork.
3 This refers to water from a local ground source.  It excludes any bottled water purchased
form a commercial vendor.

An individual lives in the vicinity of Yucca Mountain and draws untreated ground water for
drinking water supply.  This individual also uses the ground water to irrigate crops and lawns
and raise livestock.  It is assumed that the groundwater is not contaminated during the preclosure
period.  Consequently, this individual will not be exposed to radiation resulting from ingestion of
ground water.  However, this individual will consume locally produced food; inhalation of
resuspended dust; and direct external exposure to contaminated soil.  The calculated dose is the
Total Effective Dose Equivalent, or TEDE (rem/yr).  The TEDE is defined as the sum of the
deep-dose equivalent (for external exposures) and the 50-year committed effective dose
equivalent (for internal exposures) (10 CFR 20).

The GENII-S input parameters for this calculation are based on output data from the TSPA-VA
(CRWMS M&O 1998a) and the six Data Tracking Numbers (DTNs) shown below:

•  MO0003RIB00061.001.  Input Parameter Values for External and Inhalation Radiation
Exposure Analysis.

•  MO9911RIB00064.000.  Environmental Transport Parameter Values for Dose Assessment.
•  MO9911RIB00065.000.  Parameter Values for Transfer Coefficients.
•  MO9912RIB00066.000. Parameter Values for Internal and External Dose Conversion

Factors.
•  MO9912SPAING06.033. Ingestion Exposure Pathway Parameters.
•  SN0002T0512299.003.  Revised Leaching Coefficients for GENII-S Code.

Data can be entered into GENII-S software through a series of interactive data input screens and
by modifying input data files located in GENII-S directory. Table 3 lists all the input data that
must be entered into GENII-S through the data input screens. The table is constructed so that it
closely represents the actual data input screens in the software.
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Table 3. GENII-S Input Parameters for Preclosure Dose Calculations

Parameter
Best
Estimate

Comments

Fixed Data Group 1:  Population /Soil/Scenario Data

Total Population (0=Use POP.IN) 1 ANL-MGR-MD-000009 Rev 00 (CRWMS M&O 2000c)
Population Scale Factor 1 ANL-MGR-MD-000009 Rev 00 (CRWMS M&O 2000c)
Dose Commitment Period (yr) 50 10 CFR 20
Surface Soil Depth (cm) 15 DTN: MO9911RIB00064.000

Surface Soil Density (kg/m2) 225 DTN: MO9911RIB00064.000

Deep Soil Density (kg/m3) 1500 N/A
Roots in Upper Soil (Fraction) 1 DTN: MO9911RIB00064.000
Roots in Deep Soil (Fraction) 0 N/A
Air Rel. Time Before Intake (yr) 0 N/A
H20 Rel. Time Before Intake (yr) 0 N/A

Fixed Data Group 2:  Air Transport Data

Air Release Duration (yr) 1 1 = Annual Dose
Air release Prior to Intake (yr) 0 Dose begins at t=0
Air dispersion Option (0-3) 1 1 = user input χ/Q
Chi/Q Value (s/m3) 2.98E-07

/1.99E-07
TDR-MGR-MM-000001 Rev 00 (CRWMS M&O 1999c)

Sector (direction) Index (1-16) 16 TDR-MGR-MM-000001 Rev 00 (CRWMS M&O 1999c)
Distance from Release (m) 8,000

/11,000
TDR-MGR-MM-000001 Rev 00 (CRWMS M&O 1999c)

Joint Frequency Data Flag (0/1=N/Y) 0 N/A
Stack release Flag (0-3) 0 N/A
Plume Rise Flag (0/1=N/Y) 0 N/A
Stack Height (m) 0 N/A
Stack Flow Rate (m3/s) 0 N/A
Stack Radius (m) 0 N/A
Effluent Temperature (Deg. C) 0 N/A
Building X-Sect Area (m2) 0 N/A
Building height (m) 0 N/A
Fixed Data Group 3:  External /Inhalation Exposure

Chronic Plume Exposure (hr) 6192 TSPA VA Critical Group (CRWMS M&O 1998a)
Acute Plume Exposure (hr/phr) 0 N/A
Inhalation Exposure (hr/yr) 6192 TSPA VA Critical Group (CRWMS M&O 1998a)
Resupension Model Flag    (0-2) 1 1 = Mass Loading Method
Mass Load(g/m3);Soil Depth (cm) 8.7E-06 50% value; DTN: MO0003RIB00061.001
Transit Time to Rec. Site (hr) 0 N/A
Swimming Exposure Time (hr) 0 N/A
Boating Exposure Time (hr) 0 N/A
Shoreline Exposure Time (hr) 0 N/A
Type of Shoreline Index (1-4) 0 N/A
H2O/Sed. Transfer (l/m2/yr) 0 N/A
Soil Exposure Time (hr) 3624 TSPA VA Critical Group (CRWMS M&O 1998a)
Home Irrigation Flag (0/1=N/Y) 0 0 = Residential soils not irrigated
Irrigation Water Index (1-2) 0 N/A
Home Irrigation Rate (in/yr) 69.5 N/A
Home Irrigation Duration (mo/yr) 12 N/A

Fixed Data Group 4:  Ingestion Exposure

Food Production Option (0-3) 1 1 = χ/Q multiplied by POP.IN
Food-Weighted Chi/Q (kg-s/m3) 0 N/A
Crop Resupension Factor (1/m) 8.3E-11 DTN: MO9911RIB00064.000
Crop Desposition Velocity (m/s) 0.001 DTN: MO9911RIB00064.000
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Parameter
Best
Estimate

Comments

Crop Interception Fraction (-) 0.259 DTN: MO9911RIB00064.000
Exported Food Dose (0/1=N/Y) 0 ANL-MGR-MD-000009 Rev 00 (CRWMS M&O 2000c)
Soil Ingestion Rate (mg/day) 50 DTN: MO9911RIB00064.000
Swim H2O Ingestion Rate (l/hr) 0 N/A
Population Ingesting Aquatic Food 0 N/A
Bioaccumulation Flag (0/1=N/Y) 0 0 = fresh water
Population Drinking Contaminated
Water

1 ANL-MGR-MD-000009 Rev 00 (CRWMS M&O 2000c)

Drink Water Source Index   (0-3) 0 0 = Drinking water not contaminated
Drink Water Treated (0/1=N/Y) 0 ANL-MGR-MD-000009 Rev 00 (CRWMS M&O 2000c)
Drink Water Holdup Time (days) 0 ANL-MGR-MD-000009 Rev 00 (CRWMS M&O 2000c)
Drink Water Consumption (l/yr) 867.7 Table 2

Array Number 1:  Aquatic Food Ingestion

Fish Transit Time (hr) 0 N/A
Mollusc Transit Time(hr) 0 N/A
Crustacea Transit Time (hr) 0 N/A
Plants Transit Time(hr) 0 N/A
Fish Production (kg/yr) 0 N/A
Mollusc Production (kg/yr) 0 N/A
Crustacea Production (kg/yr) 0 N/A
Plants Production (kg/yr) 0 N/A
Fish Holdup (days) 0 N/A
Mollusc Holdup (days) 0 N/A
Crustacea Holdup (days) 0 N/A
Plants Holdup (days) 0 N/A
Fish Consumption (kg/yr) 0 N/A
Mollusc Consumption (kg/yr) 0 N/A
Crustacea Consumption (kg/yr) 0 N/A
Plants Consumption (kg/yr) 0 N/A

Array Number 2:  Terrestrial Food Ingestion

Water Source (0-2) 0 0 = Contaminated water not used to irrigate
Leaf Vegetable Grow Time (days) 64.5 (Min+Max)/2, DTN: MO9912SPAING06.033
Root Vegetable Grow Time (days) 84 (Min+Max)/2, DTN: MO9912SPAING06.033
Fruit Grow Time (days) 136 (Min+Max)/2, DTN: MO9912SPAING06.033
Grain Grow Time (days) 159.5 (Min+Max)/2, DTN: MO9912SPAING06.033
Leaf Vegetable Irrigation Rate (in/yr) 42.11 (Min+Max)/2, DTN: MO9912SPAING06.033
Root Vegetable Irrigation Rate (in/yr) 49.46 (Min+Max)/2, DTN: MO9912SPAING06.033
Fruit Irrigation Rate (in/yr) 37.685 (Min+Max)/2, DTN: MO9912SPAING06.033
Grain Irrigation Rate (in/yr) 68.11 (Min+Max)/2, DTN: MO9912SPAING06.033
Leaf Vegetable Irrigation Time (mo/yr) 3.2 (Min+Max)/2, DTN: MO9912SPAING06.033
Root Vegetable Irrigation Time (mo/yr) 3.9 (Min+Max)/2, DTN: MO9912SPAING06.033
Fruit Irrigation Time (mo/yr) 4.45 (Min+Max)/2, DTN: MO9912SPAING06.033
Grain Irrigation Time (mo/yr) 6.45 (Min+Max)/2, DTN: MO9912SPAING06.033
Leaf Vegetable Yield (kg/m2) 1.82 (Min+Max)/2, DTN: MO9912SPAING06.033
Root Vegetable Yield (kg/m2) 4.33 (Min+Max)/2, DTN: MO9912SPAING06.033
Fruit Yield (kg/m2) 1.91 (Min+Max)/2, DTN: MO9912SPAING06.033
Grain Yield (kg/m2) .555 (Min+Max)/2, DTN: MO9912SPAING06.033
Leaf Vegetable Production (kg/yr) 0 N/A
Root Vegetable Production (kg/yr) 0 N/A
Fruit Production (kg/yr) 0 N/A
Grain Production (kg/yr) 0 N/A
Leaf Vegetable Holdup (days) 1 DTN: MO9912SPAING06.033
Root Vegetable Holdup (days) 14 DTN: MO9912SPAING06.033
Fruit Holdup (days) 14 DTN: MO9912SPAING06.033
Grain Holdup (days) 14 DTN: MO9912SPAING06.033
Leaf Vegetable Consumption (kg/yr) 63.55 Table 2

Table 3. GENII-S Input Parameters for Preclosure Dose Calculations (continued)
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Parameter
Best
Estimate

Comments

Root Vegetable Consumption (kg/yr) 28.86 Table 2
Fruit Consumption (kg/yr) 59.32 Table 2
Grain Consumption (kg/yr) 60.64 Table 2

Array Number 2:  Terrestrial Food Ingestion

Water Source (0-2) 0 0 = No contaminated water
Beef Consumption Rate (kg/yr) 38.97 Table 2
Poultry Consumption Rate (kg/yr) 15.74 Table 2
Milk Consumption (l/yr) 136 Table 2
Eggs Consumption  Rate (kg/yr) 16.67 Table 2
Beef Holdup (days) 20 MO9912SPAING06.033
Poultry Holdup (days) 1 MO9912SPAING06.033
Milk Holdup (days) 1 MO9912SPAING06.033
Eggs Holdup (days) 1 MO9912SPAING06.033
Beef Production (kg/yr) 0 N/A
Poultry Production (kg/yr) 0 N/A
Milk Production (kg/yr) 0 N/A
Eggs Production (kg/yr) 0 N/A
Beef-Water Fraction 0 0 = No contaminated water
Poultry-Water Fraction 0 0 = No contaminated water
Milk-Water Fraction 0 0 = No contaminated water
Eggs-Water Fraction 0 0 = No contaminated water
Beef-Diet Fraction 0 DTN: MO9912SPAING06.033
Poultry-Diet Fraction 1 DTN: MO9912SPAING06.033
Milk-Diet Fraction 0 DTN: MO9912SPAING06.033
Eggs-Diet Fraction 1 DTN: MO9912SPAING06.033
Beef-Grow Time (days) 0 N/A
Poultry-Grow Time (days) 75 DTN: MO9912SPAING06.033
Milk-Grow Time (days) 0 N/A
Eggs-Grow Time (days) 75 DTN: MO9912SPAING06.033
Beef-Irrigation Rate (in/yr) 0 N/A
Poultry-Irrigation Rate (in/yr) 80.37 DTN: MO9912SPAING06.033
Milk-Irrigation Rate (in/yr) 0 N/A
Eggs-Irrigation Rate (in/yr) 80.37 DTN: MO9912SPAING06.033
Beef-Irrigation Time (mo/yr) 0 N/A
Poultry-Irrigation Time (mo/yr) 4.9 DTN: MO9912SPAING06.033
Milk-Irrigation Time (mo/yr) 0 N/A
Eggs-Irrigation Time (mo/yr) 4.9 DTN: MO9912SPAING06.033
Beef-Feed Yield (kg/m2) 0 N/A
Poultry-Feed Yield (kg/m2) 0.685 (Min+Max)/2, DTN: MO9912SPAING06.033
Milk-Feed Yield (kg/m2) 0 N/A
Eggs-Feed Yield (kg/m2) 0.685 (Min+Max)/2, DTN: MO9912SPAING06.033
Beef-Storage (days) 0 N/A
Poultry-Storage (days) 14 DTN: MO9912SPAING06.033
Milk-Storage (days) 0 N/A
Eggs-Storage (days) 14 DTN: MO9912SPAING06.033

Array Number 4: Animal Products (Fresh Forage)

Water Source Flag (0-2) 0 0 = Contaminated water not used to irrigate
Beef-Diet Fraction 1 DTN: MO9912SPAING06.033
Milk-Diet Fraction 1 DTN: MO9912SPAING06.033
Beef-Grow Time (days) 47 DTN: MO9912SPAING06.033
Milk-Grow Time (days) 47 DTN: MO9912SPAING06.033
Beef-Irrigation Rate (in/yr) 94.66 DTN: MO9912SPAING06.033
Milk-Irrigation Rate (in/yr) 94.66 DTN: MO9912SPAING06.033
Beef-Irrigation Time (mo/yr) 12 DTN: MO9912SPAING06.033
Milk-Irrigation Time (mo/yr) 12 DTN: MO9912SPAING06.033
Beef-Feed Yield (kg/m2) 0.7 (Min+Max)/2, DTN: MO9912SPAING06.033

Table 3. GENII-S Input Parameters for Preclosure Dose Calculations (continued)
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Parameter
Best
Estimate

Comments

Milk-Feed Yield (kg/m2) 0.7 (Min+Max)/2, DTN: MO9912SPAING06.033
Beef-Feed Storage Time (days) 0 N/A
Milk-Feed Storage Time (days) 0 N/A

Array Number 5:  Inventory-Release Terms

Radionuclides in Air (Ci/yr) Variable Varies for each run

Three data files in GENII-S were modified to accommodate the results of site-specific studies on
the GENII-S input parameters.  The original names of these three files are FTRANS.DAT,
DEFAULT.IN, and GRDF.DAT.

FTRANS.DAT is the default GENII-S food transfer and soil leaching factor library. The soil
leaching factors are important parameters for determining radionuclide buildup in soil. The food
transfer factors relate concentrations of elements in soil to concentrations in farm products grown
in that soil and concentrations in animal feed to concentrations in animal products.
FTRANS.DAT, was used in computer runs, PRCHSF, PRCHGS, and PRCHP1.  An updated
FTRANS.DAT, renamed as FTRANRR.TXT was developed and used in computer runs
PRCHP2 and PRCHP3.  The FTRANRR.TXT parameters are illustrated in Figure 1.

Figure 1. List of FTRANRR.TXT File

Food Transfer Factors for Reasonable Representation (8/30/99)
Ele- Dep Vel Leafy   Root    Fruit   Grain   Beef   Poulty  Milk    Egg     Leaching
men   m/sec  Veg     Veg      --      --     day/kg day/kg  day/L   day/kg  Factor
AC   1.0E-3  3.5E-3  3.5E-4  3.5E-4  3.5E-4 2.5E-5  4.0E-3  2.0E-5  2.0E-3  1.5E-03
AM   1.0E-3  2.0E-3  4.7E-4  4.1E-4  9.0E-5 2.0E-5  6.0E-3  2.0E-6  4.0E-3  3.6E-04
BI   1.0E-3  6.0E-1  6.0E-1  6.0E-1  6.0E-1 1.7E-2  9.9E-4  5.0E-4  9.9E-4  2.7E-05
C    0.0E+0  0.0E+0  0.0E+0  0.0E+0  0.0E+0 0.0E+0  0.0E+0  0.0E+0  0.0E+0  2.4E-04
CS   1.0E-3  1.3E-1  4.9E-2  2.2E-1  2.6E-2 5.0E-2  4.4E+0  8.0E-3  4.0E-1  2.4E-04
I    1.0E-2  3.4E-3  5.0E-2  5.0E-2  5.0E-2 7.0E-3  1.8E-2  1.0E-2  3.0E+0  5.9E-01
MO   1.0E-3  2.5E-1  6.0E-2  6.0E-2  6.0E-2 1.0E-3  1.9E-1  1.5E-3  9.0E-1  6.7E-02
NI   1.0E-3  2.8E-1  6.0E-2  6.0E-2  3.0E-2 5.0E-3  1.0E-3  1.6E-2  1.0E-1  1.7E-03
NP   1.0E-3  3.7E-2  1.7E-2  1.7E-2  2.7E-3 1.0E-3  4.0E-3  5.0E-6  2.0E-3  1.3E-01
PA   1.0E-3  2.5E-3  2.5E-4  2.5E-4  2.5E-4 5.0E-5  4.0E-3  5.0E-6  2.0E-3  1.1E-01
PB   1.0E-3  1.0E-1  1.0E-1  1.0E-1  1.0E-2 4.0E-4  9.9E-4  3.0E-5  9.9E-4  4.5E-04
PO   1.0E-3  1.0E-2  1.0E-2  1.0E-2  1.0E-3 4.5E-3  9.9E-4  1.2E-4  9.9E-4  2.7E-05
PU   1.0E-3  4.0E-4  2.0E-4  1.9E-4  2.6E-5 1.0E-5  3.0E-3  1.1E-6  8.0E-3  1.2E-03
RA   1.0E-3  8.0E-2  1.3E-2  6.1E-3  1.2E-3 9.0E-4  3.0E-2  1.3E-3  2.0E-5  1.4E-03
SR   1.0E-3  2.0E+0  1.2E+0  2.0E-1  2.0E-1 8.0E-3  8.0E-2  1.5E-3  3.0E-1  3.4E-02
TC   1.0E-3  4.0E+1  1.5E+0  1.5E+0  7.3E-1 1.0E-4  3.0E-2  1.0E-2  3.0E+0  2.8E+00
TH   1.0E-3  4.0E-3  3.0E-4  2.1E-4  3.4E-5 1.0E-4  4.0E-3  5.0E-6  2.0E-3  2.1E-04
U    1.0E-3  8.5E-3  1.4E-2  4.0E-3  1.3E-3 3.0E-4  1.2E+0  6.0E-4  1.0E+0  1.9E-02
Y    1.0E-3  1.5E-2  6.0E-3  6.0E-3  6.0E-3 1.0E-3  1.0E-2  2.0E-5  2.0E-3  4.0E-03

The soil leaching factors shown in Figure 1, based on DTN: SN9912T0512299.001, were revised
shortly after Revision 00 of this calculation was issued.  These leaching factors were superseded
by the revised best estimate soil leaching factors in DTN: SN0002T0512299.003.  The revised
leaching factors, shown in Table 4, are less conservative (i.e., larger values) than the original soil
leaching factors for every element except Palladium (Pa).  However, the dose contribution from
Palladium is negligible. Therefore, the calculated dose results from Revision 00 are conservative
and still valid.  As a result, no additional calculations were deemed necessary.

Table 3. GENII-S Input Parameters for Preclosure Dose Calculations (continued)
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Table 4. Original Versus Revised Soil Leaching Factors

Best Estimate Leaching Coefficient (yr-1)
Element Original

(DTN: SN9912T0512299.001)
Revised
(DTN: SN0002T0512299.003)

Ac 1.5E-03 1.5E-03
Am 3.6E-04 3.56E-04
Bi 2.7E-05 6.76E-03
C 2.4E-04 1.32E-01
Cs 2.4E-04 2.42E-03
I 5.9E-01 5.92E-01
Mo 6.7E-02 6.68E-02
Ni 1.7E-03 1.69E-03
Np 1.3E-01 1.32E-01
Pa 1.1E-01 1.23E-03
Pb 4.5E-04 2.51E-03
Po 2.7E-05 4.51E-03
Pu 1.2E-03 1.23E-03
Ra 1.4E-03 1.35E-03
Sr 3.4E-02 4.47E-02
Tc 2.8E+00 2.77E+00
Th 2.1E-04 2.12E-04
U 1.9E-02 1.93E-02
Y 4.0E-03 3.98E-03

DEFAULT.IN is a file containing default values for various parameters needed in a GENII-S
calculation. This file is always required to run GENII-S.  The default values in this file can be
changed by using an external text editor.  Figure 2 lists the modified DEFAULT.IN, which is
renamed as DEF_RR.TXT, a default file for reasonable representation using the results from
previous biosphere AMRs.  The data in the DEF_RR.TXT file are compiled from input data
contained in DTN numbers MO9911RIB00064.000, MO9912RIB00066.000, and
MO9912SPAING06.033.

External dose coefficients for air submersion, water surface, soil surface, deep soil, and buried
waste for different radionuclides are given in the GENII-S default file GRDF.DAT.  This file
was replaced by GRDF.15, which is based on Federal Guidance Report 12 (Eckerman and
Ryman 1993) dose coefficients for air submersion and external exposure to soil contaminated to
a depth of 15 cm.  The file GRDF.15 is listed in Figure 3.

The worst case solubility internal dose conversion factors are used for inhalation and ingestion
calculations.  These DCFs are based on the updated GENII-S binary file DOSINC.DAT. This
file was compared with Federal Guidance Report 11 (Eckerman et al. 1988) in DTN:
MO9912RIB00066.000, which recommended that it be used for radionuclides evaluated in
postclosure biosphere modeling.
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Figure 2. List of DEF_RR.TXT File

GENII Default Parameters for Reasonable Representation Cases (30-Aug-99)

INVENTORY PARAMETERS----------------------------------------------------------
0.037, 3.7E4, 3.7E7, 3.7E10, 1.0           NVU     Source input conversion
1.0, 0.15, 225.0                           SVU     Soil source conversion
ENVIRONMENTAL PARAMETERS-------------------------------------------------------
0.008                                      ABSHUM  Absolute humidity (kg/m3)
2                                          PRCNTI  Air dispersion conserv. flag
0.001                                      DPVRES  Deposition vel./resuspension
8.3E-11                                    LEAFRS  Leaf resuspension factor
2.0,2.0,3.0,0.8,0.8,0.8,1.0,0.8,1.0,1.5    BIOMAS  BIOMA2 Biomass (kg/m2)
0.259                                      DEPFR2  Interception frac./irrigate
15.0                                       SURCM   Depth of surface soil (cm)
225.0                                      SLDN    Surface soil density (kg/m2)
1.5E3                                      SSLDN   Soil density (kg/m3)
True                                       HARVST  Harvest removal considered?
50.0                                       SOLING  Soil ingested (mg/da)
14.0                                       WTIM    Weathering time (da)
1.0, 0.1, 0.1, 0.1                         TRANS   Translocation, plants
0.1, 0.1, 0.1, 0.1, 1.0, 1.0               TRANSA  Translocation, animal food
68.0, 0.12, 55.0, 0.12, 68.0, 55.0         CONSUM  Animal Consumption (kg/da)
50.0, 0.3, 60., 0.3                        DWATER  Animal drinking water (L/da)
0.0, 0.8, 1.0, 0.8                         FRACUT  Acute fresh forage by season
0.2, 0.3, 0.5, 1.0                         SHORWI  Shore width factors
0.02                                       INGWAT  Swim water ingested (L/hr)
25295.0                                    TCWS    H2O/sed. transfer (L/m2/yr)
0.4,  5.0, 4.0                             YELDBT  BIOT: Veg. prod. (kg/m2/yr)
9.41E-4, 2*7.48E-4                         TOTEXC  BIOT: Excavation (m2/m3-yr)
1.0, 0.81, 0.19, 0.02, 0.008, 0.002,       EXCAV   BIOT: Frac. soil brought to
1.0, 0.9, 0.096, 0.006, 0.0005, 0.0005,            surface from within the
1.0, 0.9, 0.096, 0.006, 0.0005, 0.0005             waste by animal excavation
266.2                                      RINH    Chronic breathing (cm3/sec)
330.0                                      RINHA   Acute breathing (cm3/sec)
10                                         NDIST   Number of distances
805.0, 2414.0, 4023.0, 5632.0, 7241.0,
12068.0, 24135.0, 40255.0, 56315.0,
72405.0                                    X       JF/chi/Q/pop grid dist. (m)
0.1, 0.25, 0.18, 0.91, 0.18, 0.91, 0.18,
0.91, 2*0.2                                DRYFAC, DRYFA2 dry/wet ratio
METABOLIC PARAMETERS----------------------------------------------------------
0.5, 50.0, 500.0                                        XDIV
0.5,  0.5,  0.95, 0.05,  0.8, 0.0, 0.0,   0.2, 0.0,     ADJ
0.1,  0.9,  0.5,  0.5,  0.15, 0.4, 0.4,  0.05, 0.0,
0.01, 0.99, 0.01, 0.99, 0.05, 0.4, 0.4, 0.135, 0.015

DOSE PARAMETERS--------------------------------------------------------------
0.25, 0.15, 0.12, 0.12, 0.03, 0.03, 5*0.06              WT   Weighting factors
2.0                                                     SI2I Semi-infinite/inf
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Figure 3. List of GRDF.15 File

FGR12 air,water,soil(15 CM) DCFs (Sv/yr per Bq/n) (7 Aug 96 MAH)
          Air       Water    Soil      Buried    Buried    Buried
        Submersion Surface  15 cm      0.15 m    0.5 m     1.0m
nuclide    m3         L      "m3"        m3        m3        m3
H 3     1.04E-11  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
BE7     7.44E-08  8.12E-08  4.42E-11  0.00E+00  0.00E+00  0.00E+00
BE10    3.53E-10  3.42E-10  1.79E-13  0.00E+00  0.00E+00  0.00E+00
C 14    7.06E-12  6.92E-12  2.27E-15  0.00E+00  0.00E+00  0.00E+00
N 13    1.55E-06  1.69E-06  9.18E-10  0.00E+00  0.00E+00  0.00E+00
F 18    1.55E-06  1.69E-06  9.21E-10  0.00E+00  0.00E+00  0.00E+00
NA22    3.41E-06  3.71E-06  1.99E-09  0.00E+00  0.00E+00  0.00E+00
NA24    6.87E-06  7.46E-06  3.75E-09  0.00E+00  0.00E+00  0.00E+00
SI31    3.69E-09  3.72E-09  2.17E-12  0.00E+00  0.00E+00  0.00E+00
P 32    3.12E-09  3.00E-09  1.89E-12  0.00E+00  0.00E+00  0.00E+00
P 33    2.60E-11  2.52E-11  9.97E-15  0.00E+00  0.00E+00  0.00E+00
S 35    7.66E-12  7.47E-12  2.51E-15  0.00E+00  0.00E+00  0.00E+00
CL36    7.03E-10  7.06E-10  3.85E-13  0.00E+00  0.00E+00  0.00E+00
K 40    2.54E-07  2.74E-07  1.44E-10  0.00E+00  0.00E+00  0.00E+00
AR39    2.87E-10  2.78E-10  1.43E-13  0.00E+00  0.00E+00  0.00E+00
AR41    2.05E-06  2.22E-06  1.17E-09  0.00E+00  0.00E+00  0.00E+00
CA41    0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
CA45    2.72E-11  2.65E-11  1.06E-14  0.00E+00  0.00E+00  0.00E+00
SC46    3.15E-06  3.41E-06  1.83E-09  0.00E+00  0.00E+00  0.00E+00
CR51    4.76E-08  5.20E-08  2.76E-11  0.00E+00  0.00E+00  0.00E+00
MN54    1.29E-06  1.40E-06  7.57E-10  0.00E+00  0.00E+00  0.00E+00
MN56    2.72E-06  2.93E-06  1.55E-09  0.00E+00  0.00E+00  0.00E+00
FE55    0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
FE59    1.88E-06  2.03E-06  1.08E-09  0.00E+00  0.00E+00  0.00E+00
CO57    1.77E-07  1.97E-07  8.39E-11  0.00E+00  0.00E+00  0.00E+00
CO58    1.50E-06  1.62E-06  8.83E-10  0.00E+00  0.00E+00  0.00E+00
CO60    3.97E-06  4.32E-06  2.29E-09  0.00E+00  0.00E+00  0.00E+00
NI59    0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
NI63    0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
NI65    8.80E-07  9.52E-07  5.01E-10  0.00E+00  0.00E+00  0.00E+00
CU64    2.87E-07  3.12E-07  1.71E-10  0.00E+00  0.00E+00  0.00E+00
ZN65    9.15E-07  9.92E-07  5.30E-10  0.00E+00  0.00E+00  0.00E+00
ZN69M   6.28E-07  6.84E-07  3.72E-10  0.00E+00  0.00E+00  0.00E+00
ZN69    6.81E-10  6.56E-10  3.72E-13  0.00E+00  0.00E+00  0.00E+00
GA72    4.38E-06  4.73E-06  2.47E-09  0.00E+00  0.00E+00  0.00E+00
AS76    6.72E-07  7.28E-07  3.94E-10  0.00E+00  0.00E+00  0.00E+00
SE75    5.83E-07  6.42E-07  3.19E-10  0.00E+00  0.00E+00  0.00E+00
SE79    9.56E-12  9.35E-12  3.14E-15  0.00E+00  0.00E+00  0.00E+00
BR82    4.10E-06  4.45E-06  2.40E-09  0.00E+00  0.00E+00  0.00E+00
BR83    1.20E-08  1.30E-08  7.13E-12  0.00E+00  0.00E+00  0.00E+00
KR83M   4.73E-11  5.50E-11  5.11E-15  0.00E+00  0.00E+00  0.00E+00
BR84    2.97E-06  3.22E-06  1.63E-09  0.00E+00  0.00E+00  0.00E+00
KR85M   2.36E-07  2.60E-07  1.24E-10  0.00E+00  0.00E+00  0.00E+00
KR85    3.75E-09  4.02E-09  2.20E-12  0.00E+00  0.00E+00  0.00E+00
KR87    1.30E-06  1.41E-06  7.25E-10  0.00E+00  0.00E+00  0.00E+00
RB87    5.74E-11  5.58E-11  2.37E-14  0.00E+00  0.00E+00  0.00E+00
KR88    3.22E-06  3.48E-06  1.78E-09  0.00E+00  0.00E+00  0.00E+00
RB88    1.06E-06  1.14E-06  5.96E-10  0.00E+00  0.00E+00  0.00E+00
KR89    0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
RB89    3.34E-06  3.63E-06  1.89E-09  0.00E+00  0.00E+00  0.00E+00
SR89    2.44E-09  2.35E-09  1.46E-12  0.00E+00  0.00E+00  0.00E+00



CAL-WHS-SE-000001 REV 01 ICN 02 IV-14 December 2001

Figure 3. List of GRDF.15 File (continued)

FGR12 air,water,soil(15 CM) DCFs (Sv/yr per Bq/n) (7 Aug 96 MAH)
          Air       Water    Soil      Buried    Buried    Buried
        Submersion Surface  15 cm      0.15 m    0.5 m     1.0m
nuclide    m3         L      "m3"        m3        m3        m3

KR90    0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
RB90M   0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
RB90    0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
SR90    2.37E-10  2.30E-10  1.17E-13  0.00E+00  0.00E+00  0.00E+00
Y 90    5.99E-09  5.72E-09  3.78E-12  0.00E+00  0.00E+00  0.00E+00
SR87M   4.79E-07  5.25E-07  2.83E-10  0.00E+00  0.00E+00  0.00E+00
RB86    1.52E-07  1.64E-07  8.80E-11  0.00E+00  0.00E+00  0.00E+00
SR85    7.63E-07  8.29E-07  4.54E-10  0.00E+00  0.00E+00  0.00E+00
SR91    1.09E-06  1.18E-06  6.37E-10  0.00E+00  0.00E+00  0.00E+00
Y 91M   8.04E-07  8.74E-07  4.79E-10  0.00E+00  0.00E+00  0.00E+00
Y 91    8.20E-09  8.58E-09  4.79E-12  0.00E+00  0.00E+00  0.00E+00
SR92    2.14E-06  2.32E-06  1.22E-09  0.00E+00  0.00E+00  0.00E+00
Y 92    4.10E-07  4.43E-07  2.39E-10  0.00E+00  0.00E+00  0.00E+00
Y 93    1.51E-07  1.62E-07  8.64E-11  0.00E+00  0.00E+00  0.00E+00
MO93    7.95E-10  9.33E-10  9.97E-14  0.00E+00  0.00E+00  0.00E+00
ZR93    0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
NB93M   1.40E-10  1.64E-10  1.76E-14  0.00E+00  0.00E+00  0.00E+00
ZR95    1.14E-06  1.23E-06  6.72E-10  0.00E+00  0.00E+00  0.00E+00
NB95M   9.24E-08  1.01E-07  5.14E-11  0.00E+00  0.00E+00  0.00E+00
NB95    1.18E-06  1.28E-06  6.94E-10  0.00E+00  0.00E+00  0.00E+00
ZR97    2.84E-07  3.09E-07  1.65E-10  0.00E+00  0.00E+00  0.00E+00
NB97M   1.12E-06  1.21E-06  6.62E-10  0.00E+00  0.00E+00  0.00E+00
NB97    1.00E-06  1.09E-06  5.96E-10  0.00E+00  0.00E+00  0.00E+00
NB94    2.43E-06  2.63E-06  1.43E-09  0.00E+00  0.00E+00  0.00E+00
MO99    2.30E-07  2.49E-07  1.33E-10  0.00E+00  0.00E+00  0.00E+00
TC99M   1.86E-07  2.07E-07  9.18E-11  0.00E+00  0.00E+00  0.00E+00
TC99    5.11E-11  4.95E-11  2.11E-14  0.00E+00  0.00E+00  0.00E+00
TC101   5.08E-07  5.53E-07  2.93E-10  0.00E+00  0.00E+00  0.00E+00
RU103   7.10E-07  7.71E-07  4.19E-10  0.00E+00  0.00E+00  0.00E+00
PD103   2.42E-09  2.84E-09  4.19E-13  0.00E+00  0.00E+00  0.00E+00
RH103M  2.78E-10  3.26E-10  4.10E-14  0.00E+00  0.00E+00  0.00E+00
RU105   1.20E-06  1.30E-06  7.06E-10  0.00E+00  0.00E+00  0.00E+00
RH105   1.17E-07  1.28E-07  6.81E-11  0.00E+00  0.00E+00  0.00E+00
RU106   3.28E-07  3.53E-07  1.94E-10  0.00E+00  0.00E+00  0.00E+00
PD107   0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
PD109   1.40E-08  1.57E-08  5.06E-12  0.00E+00  0.00E+00  0.00E+00
AG110M  4.34E-06  4.69E-06  2.53E-09  0.00E+00  0.00E+00  0.00E+00
AG111   4.07E-08  4.43E-08  2.36E-11  0.00E+00  0.00E+00  0.00E+00
CD109   9.27E-09  1.07E-08  2.49E-12  0.00E+00  0.00E+00  0.00E+00
CD113M  2.19E-10  2.11E-10  1.08E-13  0.00E+00  0.00E+00  0.00E+00
CD115M  3.69E-08  3.97E-08  2.15E-11  0.00E+00  0.00E+00  0.00E+00
CD115   3.53E-07  3.83E-07  2.09E-10  0.00E+00  0.00E+00  0.00E+00
IN115M  2.33E-07  2.55E-07  1.35E-10  0.00E+00  0.00E+00  0.00E+00
IN111   5.87E-07  6.45E-07  3.19E-10  0.00E+00  0.00E+00  0.00E+00
IN114M  1.36E-07  1.49E-07  7.71E-11  0.00E+00  0.00E+00  0.00E+00
SN113   1.20E-08  1.36E-08  4.79E-12  0.00E+00  0.00E+00  0.00E+00
IN113M  3.82E-07  4.16E-07  2.24E-10  0.00E+00  0.00E+00  0.00E+00
SN117M  2.15E-07  2.38E-07  1.08E-10  0.00E+00  0.00E+00  0.00E+00
SN119M  3.19E-09  3.77E-09  5.08E-13  0.00E+00  0.00E+00  0.00E+00
SN121M  1.90E-09  2.22E-09  3.31E-13  0.00E+00  0.00E+00  0.00E+00
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Figure 3. List of GRDF.15 File (continued)

FGR12 air,water,soil(15 CM) DCFs (Sv/yr per Bq/n) (7 Aug 96 MAH)
          Air       Water    Soil      Buried    Buried    Buried
        Submersion Surface  15 cm      0.15 m    0.5 m     1.0m
nuclide    m3         L      "m3"        m3        m3        m3

SN121   7.47E-11  7.25E-11  3.28E-14  0.00E+00  0.00E+00  0.00E+00
SN123   1.27E-08  1.35E-08  7.38E-12  0.00E+00  0.00E+00  0.00E+00
SN125   4.98E-07  5.41E-07  2.88E-10  0.00E+00  0.00E+00  0.00E+00
SB125   6.37E-07  6.92E-07  3.72E-10  0.00E+00  0.00E+00  0.00E+00
TE125M  1.43E-08  1.67E-08  2.55E-12  0.00E+00  0.00E+00  0.00E+00
SN126   6.65E-08  7.51E-08  2.49E-11  0.00E+00  0.00E+00  0.00E+00
SB126M  2.37E-06  2.57E-06  1.40E-09  0.00E+00  0.00E+00  0.00E+00
SB126   4.32E-06  4.71E-06  2.56E-09  0.00E+00  0.00E+00  0.00E+00
SB122   6.72E-07  7.32E-07  4.01E-10  0.00E+00  0.00E+00  0.00E+00
SB124   2.89E-06  3.12E-06  1.66E-09  0.00E+00  0.00E+00  0.00E+00
SB127   1.05E-06  1.14E-06  6.21E-10  0.00E+00  0.00E+00  0.00E+00
TE127M  4.64E-09  5.42E-09  9.11E-13  0.00E+00  0.00E+00  0.00E+00
TE127   7.63E-09  8.29E-09  4.45E-12  0.00E+00  0.00E+00  0.00E+00
SB129   2.25E-06  2.44E-06  1.31E-09  0.00E+00  0.00E+00  0.00E+00
TE129M  4.89E-08  5.35E-08  2.77E-11  0.00E+00  0.00E+00  0.00E+00
TE129   8.67E-08  9.45E-08  5.05E-11  0.00E+00  0.00E+00  0.00E+00
I 129   1.20E-08  1.40E-08  2.19E-12  0.00E+00  0.00E+00  0.00E+00
TE123M  2.05E-07  2.27E-07  1.04E-10  0.00E+00  0.00E+00  0.00E+00
TE131M  2.21E-06  2.40E-06  1.28E-09  0.00E+00  0.00E+00  0.00E+00
TE131   6.43E-07  7.00E-07  3.63E-10  0.00E+00  0.00E+00  0.00E+00
I 131   5.74E-07  6.28E-07  3.37E-10  0.00E+00  0.00E+00  0.00E+00
XE131M  1.23E-08  1.41E-08  3.75E-12  0.00E+00  0.00E+00  0.00E+00
TE132   3.25E-07  3.60E-07  1.75E-10  0.00E+00  0.00E+00  0.00E+00
I 132   3.53E-06  3.83E-06  2.07E-09  0.00E+00  0.00E+00  0.00E+00
TE133M  3.60E-06  3.91E-06  2.09E-09  0.00E+00  0.00E+00  0.00E+00
TE133   1.45E-06  1.58E-06  8.39E-10  0.00E+00  0.00E+00  0.00E+00
I 133   9.27E-07  1.01E-06  5.49E-10  0.00E+00  0.00E+00  0.00E+00
XE133M  4.32E-08  4.79E-08  2.11E-11  0.00E+00  0.00E+00  0.00E+00
XE133   4.92E-08  5.58E-08  1.69E-11  0.00E+00  0.00E+00  0.00E+00
TE134   1.34E-06  1.46E-06  7.76E-10  0.00E+00  0.00E+00  0.00E+00
I 134   4.10E-06  4.45E-06  2.38E-09  0.00E+00  0.00E+00  0.00E+00
XE122   1.52E-06  1.65E-06  8.95E-10  0.00E+00  0.00E+00  0.00E+00
XE125   3.75E-07  4.13E-07  2.04E-10  0.00E+00  0.00E+00  0.00E+00
I 125   1.65E-08  1.94E-08  2.79E-12  0.00E+00  0.00E+00  0.00E+00
CS134M  2.85E-08  3.20E-08  1.21E-11  0.00E+00  0.00E+00  0.00E+00
CS134   2.39E-06  2.59E-06  1.41E-09  0.00E+00  0.00E+00  0.00E+00
I 130   3.28E-06  3.55E-06  1.94E-09  0.00E+00  0.00E+00  0.00E+00
I 135   2.52E-06  2.73E-06  1.44E-09  0.00E+00  0.00E+00  0.00E+00
XE135M  6.43E-07  7.02E-07  3.82E-10  0.00E+00  0.00E+00  0.00E+00
XE135   3.75E-07  4.12E-07  2.13E-10  0.00E+00  0.00E+00  0.00E+00
CS135   1.78E-11  1.73E-11  6.46E-15  0.00E+00  0.00E+00  0.00E+00
XE137   0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
CS137   9.08E-07  9.87E-07  5.39E-10  0.00E+00  0.00E+00  0.00E+00
XE138   1.82E-06  1.97E-06  1.02E-09  0.00E+00  0.00E+00  0.00E+00
CS138   3.82E-06  4.13E-06  2.16E-09  0.00E+00  0.00E+00  0.00E+00
CS139   0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
BA139   6.84E-08  7.46E-08  3.63E-11  0.00E+00  0.00E+00  0.00E+00
BA140   2.71E-07  2.95E-07  1.58E-10  0.00E+00  0.00E+00  0.00E+00
LA140   3.69E-06  4.01E-06  2.11E-09  0.00E+00  0.00E+00  0.00E+00
CS136   3.34E-06  3.64E-06  1.95E-09  0.00E+00  0.00E+00  0.00E+00
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Figure 3. List of GRDF.15 File (continued)

FGR12 air,water,soil(15 CM) DCFs (Sv/yr per Bq/n) (7 Aug 96 MAH)
          Air       Water    Soil      Buried    Buried    Buried
        Submersion Surface  15 cm      0.15 m    0.5 m     1.0m
nuclide    m3         L      "m3"        m3        m3        m3

BA141   1.31E-06  1.43E-06  7.54E-10  0.00E+00  0.00E+00  0.00E+00
LA141   7.54E-08  8.07E-08  4.32E-11  0.00E+00  0.00E+00  0.00E+00
CE141   1.08E-07  1.20E-07  5.30E-11  0.00E+00  0.00E+00  0.00E+00
BA142   1.62E-06  1.77E-06  9.33E-10  0.00E+00  0.00E+00  0.00E+00
LA142   4.54E-06  4.92E-06  2.50E-09  0.00E+00  0.00E+00  0.00E+00
CE143   4.07E-07  4.46E-07  2.29E-10  0.00E+00  0.00E+00  0.00E+00
PR143   6.62E-10  6.37E-10  3.63E-13  0.00E+00  0.00E+00  0.00E+00
CE144   2.69E-08  3.01E-08  1.20E-11  0.00E+00  0.00E+00  0.00E+00
PR144M  8.80E-09  1.02E-08  2.31E-12  0.00E+00  0.00E+00  0.00E+00
PR144   6.15E-08  6.54E-08  3.56E-11  0.00E+00  0.00E+00  0.00E+00
PR142   9.93E-08  1.07E-07  5.64E-11  0.00E+00  0.00E+00  0.00E+00
ND147   1.95E-07  2.14E-07  1.04E-10  0.00E+00  0.00E+00  0.00E+00
PM147   2.19E-11  2.21E-11  8.42E-15  0.00E+00  0.00E+00  0.00E+00
SM147   0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
PM148M  3.05E-06  3.31E-06  1.80E-09  0.00E+00  0.00E+00  0.00E+00
PM148   9.11E-07  9.87E-07  5.27E-10  0.00E+00  0.00E+00  0.00E+00
PM149   1.71E-08  1.84E-08  9.81E-12  0.00E+00  0.00E+00  0.00E+00
PM151   4.76E-07  5.20E-07  2.69E-10  0.00E+00  0.00E+00  0.00E+00
SM151   1.14E-12  1.34E-12  1.66E-16  0.00E+00  0.00E+00  0.00E+00
SM153   7.19E-08  8.12E-08  2.66E-11  0.00E+00  0.00E+00  0.00E+00
EU152M  4.48E-07  4.87E-07  2.58E-10  0.00E+00  0.00E+00  0.00E+00
EU152   1.78E-06  1.94E-06  1.02E-09  0.00E+00  0.00E+00  0.00E+00
EU154   1.94E-06  2.10E-06  1.11E-09  0.00E+00  0.00E+00  0.00E+00
EU155   7.85E-08  8.85E-08  3.07E-11  0.00E+00  0.00E+00  0.00E+00
EU156   2.13E-06  2.30E-06  1.20E-09  0.00E+00  0.00E+00  0.00E+00
GD153   1.17E-07  1.33E-07  4.13E-11  0.00E+00  0.00E+00  0.00E+00
GD159   6.97E-08  7.66E-08  3.75E-11  0.00E+00  0.00E+00  0.00E+00
TB160   1.75E-06  1.89E-06  1.01E-09  0.00E+00  0.00E+00  0.00E+00
TB161   3.22E-08  3.67E-08  9.21E-12  0.00E+00  0.00E+00  0.00E+00
DY165   3.78E-08  4.15E-08  1.99E-11  0.00E+00  0.00E+00  0.00E+00
HO166M  2.66E-06  2.90E-06  1.55E-09  0.00E+00  0.00E+00  0.00E+00
HO166   4.48E-08  4.87E-08  2.26E-11  0.00E+00  0.00E+00  0.00E+00
ER169   5.49E-11  5.33E-11  2.34E-14  0.00E+00  0.00E+00  0.00E+00
ER171   5.61E-07  6.18E-07  3.11E-10  0.00E+00  0.00E+00  0.00E+00
TA182   2.02E-06  2.19E-06  1.14E-09  0.00E+00  0.00E+00  0.00E+00
W 181   4.42E-08  5.08E-08  1.29E-11  0.00E+00  0.00E+00  0.00E+00
W 185   1.69E-10  1.75E-10  7.25E-14  0.00E+00  0.00E+00  0.00E+00
W 187   7.19E-07  7.84E-07  4.16E-10  0.00E+00  0.00E+00  0.00E+00
RE187   0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
OS185   1.08E-06  1.18E-06  6.24E-10  0.00E+00  0.00E+00  0.00E+00
OS191   1.01E-07  1.14E-07  4.04E-11  0.00E+00  0.00E+00  0.00E+00
IR192   1.23E-06  1.35E-06  7.19E-10  0.00E+00  0.00E+00  0.00E+00
HG203   3.56E-07  3.91E-07  2.02E-10  0.00E+00  0.00E+00  0.00E+00
TH230   5.49E-10  6.21E-10  2.02E-13  0.00E+00  0.00E+00  0.00E+00
RA226   9.93E-09  1.10E-08  5.20E-12  0.00E+00  0.00E+00  0.00E+00
RN222   2.79E-06  3.03E-06  1.59E-09  0.00E+00  0.00E+00  0.00E+00
PB210   1.78E-09  2.07E-09  4.13E-13  0.00E+00  0.00E+00  0.00E+00
BI210   1.04E-09  9.98E-10  5.87E-13  0.00E+00  0.00E+00  0.00E+00
PO210   1.31E-11  1.42E-11  7.73E-15  0.00E+00  0.00E+00  0.00E+00
U 232   4.48E-10  5.08E-10  1.50E-13  0.00E+00  0.00E+00  0.00E+00
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Figure 3. List of GRDF.15 File (continued)

FGR12 air,water,soil(15 CM) DCFs (Sv/yr per Bq/n) (7 Aug 96 MAH)
          Air       Water    Soil      Buried    Buried    Buried
        Submersion Surface  15 cm      0.15 m    0.5 m     1.0m
nuclide    m3         L      "m3"        m3        m3        m3

TH232   2.75E-10  3.14E-10  8.77E-14  0.00E+00  0.00E+00  0.00E+00
RA228   0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
AC228   1.51E-06  1.64E-06  8.70E-10  0.00E+00  0.00E+00  0.00E+00
TH228   2.90E-09  3.23E-09  1.32E-12  0.00E+00  0.00E+00  0.00E+00
RA224   1.55E-08  1.69E-08  8.62E-12  0.00E+00  0.00E+00  0.00E+00
PB212   2.17E-07  2.40E-07  1.14E-10  0.00E+00  0.00E+00  0.00E+00
BI212   2.30E-06  2.49E-06  1.27E-09  0.00E+00  0.00E+00  0.00E+00
U 234   2.41E-10  2.76E-10  6.75E-14  0.00E+00  0.00E+00  0.00E+00
U 236   1.58E-10  1.83E-10  3.60E-14  0.00E+00  0.00E+00  0.00E+00
U 235   2.27E-07  2.51E-07  1.18E-10  0.00E+00  0.00E+00  0.00E+00
TH231   1.65E-08  1.86E-08  6.12E-12  0.00E+00  0.00E+00  0.00E+00
PA231   5.42E-08  5.96E-08  3.03E-11  0.00E+00  0.00E+00  0.00E+00
AC227   1.84E-10  2.05E-10  8.26E-14  0.00E+00  0.00E+00  0.00E+00
TH227   1.54E-07  1.69E-07  8.36E-11  0.00E+00  0.00E+00  0.00E+00
FR223   7.22E-08  8.06E-08  3.19E-11  0.00E+00  0.00E+00  0.00E+00
RA223   4.25E-07  4.67E-07  2.33E-10  0.00E+00  0.00E+00  0.00E+00
U 237   1.88E-07  2.10E-07  8.77E-11  0.00E+00  0.00E+00  0.00E+00
NP237   3.25E-08  3.66E-08  1.31E-11  0.00E+00  0.00E+00  0.00E+00
PA233   2.95E-07  3.23E-07  1.63E-10  0.00E+00  0.00E+00  0.00E+00
U 233   5.14E-10  5.74E-10  2.28E-13  0.00E+00  0.00E+00  0.00E+00
TH229   1.21E-07  1.35E-07  5.36E-11  0.00E+00  0.00E+00  0.00E+00
RA225   8.80E-09  1.02E-08  1.86E-12  0.00E+00  0.00E+00  0.00E+00
AC225   2.71E-07  2.96E-07  1.54E-10  0.00E+00  0.00E+00  0.00E+00
U 238   1.08E-10  1.25E-10  1.74E-14  0.00E+00  0.00E+00  0.00E+00
TH234   3.33E-08  3.60E-08  1.73E-11  0.00E+00  0.00E+00  0.00E+00
PA234   2.95E-06  3.20E-06  1.70E-09  0.00E+00  0.00E+00  0.00E+00
PU236   2.00E-10  2.33E-10  3.78E-14  0.00E+00  0.00E+00  0.00E+00
PU237   6.37E-08  7.14E-08  2.73E-11  0.00E+00  0.00E+00  0.00E+00
AM242M  1.00E-09  1.15E-09  2.84E-13  0.00E+00  0.00E+00  0.00E+00
AM242   1.94E-08  2.18E-08  8.42E-12  0.00E+00  0.00E+00  0.00E+00
CM242   1.79E-10  2.10E-10  2.86E-14  0.00E+00  0.00E+00  0.00E+00
PU242   1.26E-10  1.47E-10  2.16E-14  0.00E+00  0.00E+00  0.00E+00
NP238   8.58E-07  9.29E-07  4.98E-10  0.00E+00  0.00E+00  0.00E+00
PU238   1.54E-10  1.80E-10  2.54E-14  0.00E+00  0.00E+00  0.00E+00
CM244   1.55E-10  1.81E-10  2.13E-14  0.00E+00  0.00E+00  0.00E+00
PU244   9.37E-11  1.10E-10  1.27E-14  0.00E+00  0.00E+00  0.00E+00
U 240   5.12E-07  5.55E-07  3.00E-10  0.00E+00  0.00E+00  0.00E+00
PU240   1.50E-10  1.75E-10  2.47E-14  0.00E+00  0.00E+00  0.00E+00
CM245   1.25E-07  1.39E-07  5.68E-11  0.00E+00  0.00E+00  0.00E+00
PU241   2.29E-12  2.55E-12  9.93E-16  0.00E+00  0.00E+00  0.00E+00
AM241   2.58E-08  2.96E-08  7.38E-12  0.00E+00  0.00E+00  0.00E+00
CM246   1.41E-10  1.66E-10  1.96E-14  0.00E+00  0.00E+00  0.00E+00
CM247   4.73E-07  5.16E-07  2.78E-10  0.00E+00  0.00E+00  0.00E+00
CM243   1.85E-07  2.05E-07  9.52E-11  0.00E+00  0.00E+00  0.00E+00
PU243   3.25E-08  3.64E-08  1.32E-11  0.00E+00  0.00E+00  0.00E+00
AM243   6.87E-08  7.79E-08  2.40E-11  0.00E+00  0.00E+00  0.00E+00
NP239   2.43E-07  2.68E-07  1.23E-10  0.00E+00  0.00E+00  0.00E+00
PU239   1.34E-10  1.51E-10  4.79E-14  0.00E+00  0.00E+00  0.00E+00
CM248   1.07E-10  1.26E-10  1.48E-14  0.00E+00  0.00E+00  0.00E+00
CF252   1.60E-10  1.86E-10  2.96E-14  0.00E+00  0.00E+00  0.00E+00
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For each set of input data, the files with extension ".flg", ".inp" “, ".pti", and ".vec" are used by
the GENII-S code to store the input data, and they must be used together for computer runs. The
input files with extensions ".flg", ".inp", ".pti", and ".vec" are used by the computer code to
perform the calculations and are not easy to read.

The output file has extension " .out".  A total of three data sets are generated as a result of this
analysis, and summary results are provided in Section 3 of this attachment.

3.  RESULTS

As a result of the changes from Revision 00 to Revision 01 of this calculation, the source terms
for four nuclides were slightly changed.  Three of the nuclide source terms, H-3, Kr-85 and I-
129, were reduced due to the re-classification of three pool events (Events 1-06, 1-09, and 1-11)
from Revision 00 as Category 2 events.  The fourth nuclide, Co-60, increased slightly with the
single SFA drop onto the hot cell floor (Attachment VII, Event 1-13) due to an error in the crud
source term calculation in Revision 00. These were the only changes to the GENII-S dose
calculations for Category 1 releases documented in Revision 00 of this calculation. As a result of
the source term input changes, the GENII-S runs PRCHGS and PRCHP1 were slightly modified.
The original (see Table 1) and modified source terms are shown in Table 5 below:

Table 5. Source Term Changes from Revision 01

GENII-S Run Nuclide Original
Source Term

(rem/yr)

Modified
Source Term

(rem/yr)

Ratio of
Modified to

Original

H-3 1.46E+02 1.34E+02 0.918

Kr-85 1.45E+03 1.33E+03 0.917

PRCHGS

I-129 2.82E-02 2.58E-02 0.915

PRCHP1 Co-60 1.97E-02 2.23E-02 1.132

In order to assess the impact on the results from Revision 00, the ratio of the modified source
term to the original source term was applied to the applicable dose results for each of the
modified nuclides.  The results of this assessment are summarized in Table 6.



CAL-WHS-SE-000001 REV 01 ICN 02 IV-19 December 2001

Table 6.  Summary of Preclosure Offsite Dose Calculations

GENII-S Run Inhalation
Effective Dose

Equivalent
(rem/yr)

Ingestion
Effective Dose

Equivalent
(rem/yr)

External Dose
(rem/yr)

Internal
Effective Dose

Equivalent
(rem/yr)

Total Effective
Dose

Equivalent
(rem/yr)

Dose
Percentage

(%)

PRCHSF 0.0E+00 0.0E+00 2.5E-07 0.0E+00 2.5E-07 0.4%

PRCHSB 4.5E-10 2.1E-10 2.9E-06 6.6E-10 2.9E-06 4.7%

PRCHGS* 6.1E-07 0.0E+00 7.9E-08 6.1E-07 6.9E-07 1.1%

PRCHP1* 6.4E-06 7.1E-07 9.8E-08 7.2E-06 7.3E-06 11.8%

PRCHP2 3.7E-05 1.0E-05 1.5E-07 4.7E-05 4.7E-05 75.7%

PRCHP3 3.7E-06 2.2E-07 2.1E-10 4.0E-06 4.0E-06 6.4%

Total 4.8E-05 1.1E-05 3.5E-06 5.9E-05 6.2E-05 100%

*  The dose values for GENII-S runs PRCHGS and PRCHP1 changed slightly from Revision 00 to Revision 01 of this
calculation due to the re-classification of three Category 1 events as Category 2 events and a minor change in the
quantity of Co-60 released in Event 1-13.

The net effect of the source term changes on the dose results is negligible.  The decreased
gaseous source terms in PRCHGS offset the increased Co-60 source term in PRCHP1.  As
shown in Table 6, the TEDE to an individual member of the public due to all Category 1 releases
from the MGR is identical to that presented in Revision 00 of this calculation, 6.2E-05 rem/yr.

GENII-S input parameters for mass loading (DTN: MO9910RIB00061.000) and leaching
coefficients (DTN: SN9912T0512299.001) have been superseded by DTNs
MO0003RIB00061.001 and SN0002T0512299.003, respectively, since Revision 00 of this
calculation was approved.  However, there were no changes to the mass loading parameter and
the leaching coefficients for the dominant dose-contributing nuclides increased, thereby reducing
the effective inhalation, submersion and ingestion doses to the receptor.  Thus, the dose results
from Revision 00 are conservative and still valid.

The committed dose equivalent (CDE) for the lens of the eye and skin were not calculated in the
GENII-S dose assessment due to limitations with the GENII-S code.

The GENII-S input and output files used to calculate offsite doses due to Category 1 events
(including normal operational releases) are listed in Figure 4.
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Figure 4. GENII-S Input and Output Files











































































































CAL-WHS-SE-000001 REV 01 ICN 02 VI-1 December 2001

Attachment VI

Probability of Yoke Drop Onto SNF
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I. Summary

One of the event sequences evaluated to support the MGR preclosure safety analysis for Site
Recommendation is the drop of a heavy object in the Waste Handling Building that could impact
spent nuclear fuel (SNF) and cause a radiological release.  Upon review of preliminary design
information (CRWMS M&O 2000d), the lifting yoke from an overhead crane was estimated to
be the heaviest piece of equipment that could potentially fall on SNF and cause a release.  The
purpose of this evaluation was to quantify, by fault tree analysis, the probability of a yoke drop
onto a vulnerable wasteform (i.e., SNF not contained in a sealed cask, canister or WP) in the
Waste Handling Building.

II. Assumptions

The fault tree evaluation relied on the following assumptions regarding the design and operation
of the overhead cranes and control systems:

•  Redundancy for active components (e.g., cable, hoisting drum, brake selenoid) of the crane
system required to support the load (Assumption 3.28).

•  Redundant control systems to prevent a spurious movement or detect an operator error that
could result in a physical impact to vulnerable SNF  (Assumption 3.28).

•  The beta factor for common-mode failures is 0.1 (Assumption 3.29).
•  Maintenance on the control systems is performed once per year (Assumption 3.11).
•  The exposure time that a lifting yoke is suspended above SNF is 1 minute per lift

(Assumption 3.30).

III. Fault Tree

A fault tree was constructed to quantify the top event probability of a yoke drop (per lift) onto
SNF.  The top event was postulated to occur from either a human-induced event sequence or an
electrical or mechanical failure.  Since the MGR design is in a conceptual stage, the crane system
was assumed to consist of redundant cables, hoisting drums, brake systems, and control systems.

An electrical or mechanical failure is postulated to occur if two of the redundant
electrical/mechanical components fail to perform on demand, or are rendered inoperable by a
common-mode failure initiator such as loss-of-power or earthquake.

The human-induced event sequence that was postulated to result in a yoke drop assumes an
operator error that creates a condition for a yoke drop to occur and failure of the control/interlock
system that would normally detect and prevent such a drop.  Common-mode failures were also
used to model the failure of the redundant control systems.  A control system failure is postulated
to occur due to an error of commission (EOC), e.g., not following procedures, during
maintenance of the crane control system and failure to recover from the error of commission.

The fault tree illustrated in Figure 1 quantifies the expected probability (per lift) of a yoke drop
onto an exposed wasteform in the Waste Handling Building.
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IV. Input Data

The input data used to develop the fault tree in Figure 1 is identified in Table 1 below:

Table 1.  Fault Tree Input Data

Event
Label

Description Event
Probability

Input Value Reference

G026 Operator Error of Commission in
Operating Manual Controls Arranged in
Well-Delineated Functional Groups

1.00E-03 1.00E-03 Swain and Guttmann
1983, Table 20-12

G035 Common-Cause Failure of Electrical or
Mechanical Component

0.1 0.1 Mosleh et al., p. 3-11

G036 Failure to Follow Written Procedures
During Maintenance

1.00E-02 1.00E-02 Swain and Guttmann
1983, Table 20-6

G037 Checker Failure to Detect Error During
Maintenance

1.00E-01 1.00E-01 Swain and Guttmann
1983, Table 20-22

G040 Failure to Follow Written Procedures
During Maintenance

1.00E-02 1.00E-02 Swain and Guttmann
1983, Table 20-6

G041 Checker Failure to Detect Error During
Maintenance

1.00E-01 1.00E-01 Swain and Guttmann
1983, Table 20-22

G042 Common-Cause Failure of
Electrical/Mechanical Components

0.1 0.1 Mosleh et al., p. 3-11

G044 Independent, Random Failure of an Active
Electrical or Mechanical Component

8.33E-07 5.0E-05 /hr (x 1min/lift
÷ 60 min/hr)

CRWMS M&O 1997,
p. 38

G045 Redundant Crane Component Failure 8.33E-07 5.0E-05 /hr (x 1min/lift
÷ 60 min/hr)

CRWMS M&O 1997,
p. 38

V. Output

The calculation output illustrated in the fault tree in Figure 1 is based on either multiplication or
addition of event probabilities below each “AND” or “OR” gate, respectively.  For example, the
gate below Event G030 is an “AND” gate, which means that events G036 and G037 are
multiplied together to calculate the probability of Event G030.  Each of the calculations
illustrated in Figure 1 are identified in Table 2 below:

Table 2.  Fault Tree Output Probabilities

Event
Label

Gate Type Gate Calculation Event Probability

G030 AND G036*G037 1.00E-03
G031 AND G040*G041 1.00E-03
G028 AND G030*G031 1.00E-06
G026 OR G028+G042 1.00E-04
G034 AND G044*G045 6.94E-13
G050 AND G026*G051 1.00E-07
G027 OR G034+G035 8.33E-08
G025 OR G050+G027 1.83E-07
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VI. Conclusion

Based on the fault tree analysis provided herein, the calculated probability of a yoke drop onto
SNF in the Waste Handling Building is 1.83E-07.  In order to determine the event sequence
associated with a specific wasteform (e.g., spent fuel assembly basket), this probability will be
multiplied by the applicable number of lifts per year to arrive at the annual frequency of a yoke
drop onto SNF.  The specific event sequences for a yoke drop onto a spent fuel assembly, spent
fuel assembly basket, and spent fuel contained in an unsealed disposal container are included in
Attachment VII.
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Figure 1.  Fault Tree for Probability of Yoke Drop Onto SNF
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Attachment XI

Dose Comparison of MOX PWR SNF
and Maximum PWR SNF
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Dose Comparison of MOX PWR SNF
and Maximum PWR SNF

Some quantity of commercial mixed oxide (MOX) fuel is expected to be received at the MGR.
Therefore, a dose comparison between high-burnup MOX PWR fuel (DOE 1999) and Maximum
PWR fuel (CRWMS M&O 1999h) was performed to quantify and assess the difference.

The Maximum PWR SFA inventories used in this comparison are the same as those used in the
Category 2 dose calculations (Attachments VIII and X), based on PWR Source Term Generation
and Evaluation (CRWMS M&O 1999h).  The high-burnup MOX fuel inventories are based on
Table A-43 of the Draft Environmental Impact Statement (EIS) for a Geologic Repository for the
Disposal of Spent Nuclear Fuel and High-Level Radioactive Waste at Yucca Mountain, Nye
County, Nevada (DOE 1999).  The MOX fuel inventories are based on fuel with a five year
cooling time, similar to the Maximum PWR fuel.  A comparison of the nuclide activities for each
of these fuels is provided in Figure 1.

Next, the offsite dose due to Event 2-09 (Unsealed DC Drop and Slapdown)(Attachment VII)
was calculated using the MOX fuel source term and compared to the same event using
Maximum PWR fuel.  The calculation methodology (Section 2.2 of the calculation document)
and input parameters (other than source term) were held constant for both cases.  The input
parameters are listed in Figure 2.

The summary results for the MOX fuel case are shown in Figure 3 and for the Maximum PWR
case in Figure 4.  The TEDE dose at 11-km for Event 2-09 is 1.03x10-2 rem  for Maximum PWR
fuel and 9.12x10-3 rem for high-burnup MOX fuel, a decrease of 11.5% for the MOX fuel.  A
complete summary and comparison of the results is shown in Table 1 below:

Table 1 – Comparison of Dose Results for Event 2-09
Using Maximum PWR Fuel and High-Burnup MOX Fuel

Event
No. Description / Fuel Type

Skin Dose
(rem)

Max Organ
Dose (rem)

Offsite TEDE
Dose (rem)

2-09
Unsealed DC Drop and Slapdown
/ Maximum PWR Fuel

3.76x10-2 3.74x10-2 1.03x10-2

2-09
Unsealed DC Drop and Slapdown
/ High-Burnup MOX Fuel 1.74x10-2 3.51x10-2 9.12x10-3

% Difference: 54% 6% 12%

The result of this comparison is that Maximum PWR fuel is more conservative for Category 2
offsite dose calculations compared to high-burnup MOX fuel.  MOX fuel resulted in a 54%
lower skin dose, 6% lower maximum organ (lung) dose, and 12% lower TEDE dose.

The following files were used to perform the comparisons in this attachment:  (1) SR Source
Terms_MOX_Rev01.xls for the high-burnup MOX source terms, (2) SR Source
Terms_Rev01.xls for the Maximum PWR source terms, (3) SR Cat. 2 TEDE
Dose_MOX_Rev01.xls for the MOX fuel dose calculations, and (4) SR Cat. 2 TEDE
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Dose_Rev01.xls for the Maximum PWR dose calculations.  Each of these electronic files is
contained on floppy disk and described in Attachment I.

Nuclide
MOX Curies/FA

(DOE 1999)
CSNF Curies/FA

(CRWMS M&O 1999h) % Difference
Ac-227 N/A 0.00E+00 N/A

Am-241 2.5E+03 8.71E+02 187.0%

Am-242m 4.9E+01 1.02E+01 380.4%

Am-243 5.6E+01 5.22E+01 7.3%

C-14 5.4E-01 4.89E-01 10.4%

Cd-113m N/A 3.82E+01 N/A

Cl-36 N/A 9.69E-03 N/A

Cm-242 1.0E+02 3.43E+01 191.5%

Cm-243 8.5E+01 3.83E+01 121.9%

Cm-244 8.9E+03 1.12E+04 -20.5%

Cm-245 N/A 1.41E+00 N/A

Cm-246 N/A 8.38E-01 N/A

Co-60 2.4E+03 5.66E+03 -57.6%

Cs-134 2.5E+04 3.72E+04 -32.8%

Cs-135 5.99E-01 --

Cs-137 7.0E+04 9.87E+04 -29.1%

Eu-154 N/A 5.77E+03 N/A

Eu-155 N/A 1.68E+03 N/A

Fe-55 N/A 6.84E+02 N/A

H-3 2.9E+02 4.72E+02 -38.6%

I-129 3.0E-02 3.38E-02 -11.2%

Kr-85 2.6E+03 5.63E+03 -53.8%

Nb-93m 3.9E+01 4.54E+01 -14.1%

Nb-94 9.8E-01 1.27E+00 -22.8%

Ni-59 1.7E+00 2.78E+00 -38.8%

Ni-63 2.3E+02 4.16E+02 -44.7%

Np-237 N/A 3.85E-01 N/A

Pa-231 N/A 4.25E-05 N/A

Pb-210 N/A 0.00E+00 N/A

Pd-107 N/A 1.45E-01 N/A

Pm-147 N/A 2.34E+04 N/A

Pu-238 2.7E+03 6.16E+03 -56.2%

Pu-239 4.6E+02 1.85E+02 148.6%

Pu-240 8.8E+02 3.90E+02 125.6%

Pu-241 2.2E+05 7.91E+04 178.1%

Pu-242 N/A 3.01E+00 N/A

Ra-226 N/A 0.00E+00 N/A

Ra-228 N/A 0.00E+00 N/A

Ru-106 1.8E+04 1.27E+04 41.7%

Sb-125 N/A 2.05E+03 N/A

Figure 1 – Source Term Comparison of MOX and Maximum PWR CSNF
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Nuclide
MOX Curies/FA

(DOE 1999)

CSNF Curies/FA
(CRWMS M&O

1999h) % Difference
Se-79 N/A 6.95E-02 N/A

Sm-147 N/A 0.00E+00 N/A

Sm-151 5.4E+02 3.13E+02 72.5%

Sn-126 N/A 6.28E-01 N/A

Sr-90 2.4E+04 6.30E+04 -61.9%

Tc-99 N/A 1.28E+01 N/A

Th-229 N/A 0.00E+00 N/A

Th-230 N/A 3.56E-05 N/A

Th-232 N/A 0.00E+00 N/A

U-232 N/A 5.31E-02 N/A

U-233 N/A 2.42E-05 N/A

U-234 6.8E+02 5.46E-01 124442.1%

U-235 6.7E-04 4.15E-03 -83.9%

U-236 7.7E-03 2.24E-01 -96.6%

U-238 1.5E-01 1.43E-01 4.9%

Zr-93 N/A 1.33E+00 N/A

Figure 1 – Source Term Comparison of MOX and Maximum PWR CSNF (continued)
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Figure 2 – Input Parameters



CAL-WHS-SE-000001 REV 01 ICN 02 XI-6 December 2001

Figure 3 - Dose Results for MOX Fuel
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Figure 4 - Dose Results for Maximum PWR Fuel
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